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Abstract: Water-sparged Aerocyclone (WSA) is a new type of gas-liquid mass transfer equipment with a coupling field of 

liquid jet with gas cyclone, which can be widely used in wastewater treatment process. To further optimize the structural 

design of WSA, the effect of bottom baffles and air inlet position on mass transfer performance of WSA was comparatively 

studied by air stripping of ammonia from wastewater. The results indicated that the separation space configuration of a WSA 

affects its mass transfer performances. Under the same condition, the axial air inlet position has no effect on mass transfer 

performance, but moving air inlet position downward could reduce the gas pressure drop in WSA by about 10%, which was 

probably caused by abating the friction loss between the gas cyclone and the wall. In case of high air inlet velocity and low 

liquid flow rate, the bottom baffles in the WSA could intensify the mixing effect between gas and liquid phases, thereby 

improving the mass transfer performance, and the effect is more pronounced with the increase of air inlet velocity. The results 

could be used as a guide for the design of WSA with excellent mass transfer performance. 
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1. Introduction 

The crushing atomization of the liquid jet in the air stream 

is commonly used in engineering to reduce the atomization 

particle size of the liquid droplets and is widely applied in 

various mechanical systems such as aero engines, liquid 

rocket engines, and diesel engines [1-3]. The use of jet 

atomization to reduce the droplet size and increase the 

gas-liquid two-phase contact area is also a way to strengthen 

the mass transfer process in the chemical industry. The WSA 

is the use of liquid jet atomization in a three-dimensional 

gas-phase swirling field to form a liquid jet and gas swirling 

coupling field while using the statics of the swirling field [4]. 

The equipment has achieved good results in gas-liquid mass 

transfer and reaction, such as wastewater deamination, wet 

flue gas desulfurization and Cr (VI)-containing wastewater 

treatment [5-8]. 

The WSA currently under development is based on the 

structure of a traditional cylindrical cyclone separator. Its 

inlet port is located on the swirl head, and there is a certain 

axial distance from the liquid jet and gas swirl coupling area 

[9, 10]. When the WSA is working, a certain height of the 

liquid seal is set at the bottom of the cylinder to ensure the 

main flow of internal air. In order to optimize the structure of 

these two zones, this paper examines the effects of the axial 

displacement of the inlet port and the setting of the baffle at 

the bottom of the main cylinder on the mass transfer 

performance of WSA. 

2. Material and Methods 

2.1. Experimental Setup 

The experimental WSA is based on a traditional cylindrical 

cyclone. All the structures are made of transparent Plexiglas. 
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The main basic design dimensions are shown in literature 

[11]. In this present work, in order to study the influence of 

inlet location and baffle on mass transfer effect, two different 

devices are adopted, as shown in Figure 1 and 2. In addition, 

four baffles with width of D/10 vertically mounted on the 

bottom and inner wall. The thickness of the baffle is 3mm. 

 

Figures. 1. Two different intake positions WSA schematic diagram. 

 

Figures 2. Schematic diagram of the setting and installation of the baffle. 

2.2. Experimental Method 

Air blowing ammonia water method was utilized to 

investigate the mass transfer performance in the experiment. 

The raw material was 5.8L of ammonia solution with an 

initial ammonia nitrogen concentration of approximately 

3500 mg/L, and the amount of NaOH solution added during 

the entire stripping process was determined by calculating the 

theoretical consumption of OH
−
 in the stripping process and 

blowing off experiments at the condition of PH>11. The 

experiment adopts the intermittent operation mode, and 

adopts WSA with different structures to conduct experiments. 

The single experiment is performed for 60 minutes, the first 

30 minutes are sampled every 5 minutes, and the rest 30 

minutes are sampled every 10 minutes. Wastewater samples 

were measured for ammonia nitrogen concentration at 420nm 

using Nessler's reagent spectrophotometry. The liquid 

circulation flow rate was set to 1.5 m
3
/h, 2.0 m

3
/h, and 2.5 

m
3
/h, and blow-off experiments were carried out at different 

intake velocities. 

The volumetric mass transfer coefficient of the 

deamination process is calculated as follows [12, 13]: 

 

Where  and are the 

ammonia nitrogen concentrations at the initial and t-times in 

water, respectively.  is volumetric mass transfer 

coefficient of ammonia. t is the blowing time. 

3. Results and Discussion 

3.1. Effect of Air Inlet Location 

As illustrated in Figures 3, the air inlet position has almost 

no effect on the mass transfer performance of the WSA at the 

same liquid-phase circulation flow rate and intake air velocity. 

This shows that the experimental design of the two air inlet 

positions has little effect on the jet-swirl coupling within the 

WSA. However, as can be seen from Figure 4, the inlet 

position has a significant effect on the gas-phase pressure 

drop in the WSA, and the WSA gas pressure drop of the air 

inlet axially moving down is lower than that of the traditional 

air inlet, and the value differs by more than 10%. Indeed, the 

internal gas pressure drop of the WSA mainly is determined 

by the friction loss between the swirling field and the wall 

and the coupling between the internal gas swirling field and 

the liquid jet field. The air inlet axially moving down 

decreases the friction loss of gas-phase swirl flow and wall. 

In order to further investigations of the influence of inlet 

location on WSA, the reflux ratio is taken into consideration. 

Results of the WSA internal reflux ratio of the two air intake 

structures are shown in Figure 5. The change of inlet position 

has little effect on reflux ratio, and the same rule of change 

was detected i.e. at higher liquid circulating flow rate, the 

reflux ratio increases with the gas inlet velocity. As the gas 

velocity increases, the liquid reflux ratio of the two structures 

decreases obviously with the increase in gas velocity. This is 

because of the formation of adherent atomization under low 

liquid-phase circulation flow. When the liquid phase enters 

the WSA through the jet orifice, most of the liquid phase is 

pressed against the inner wall of the main cylinder under the 

strong gas-phase swirling flow field. At the end, only a small 

part of the liquid phase is discharged from the central exhaust 

pipe by flowing out of the underflow port. Simultaneously, 

the liquid jet flow pattern exhibits an adherent atomized 

swirling jet, and the effective mass transfer area between two 

phases decreases. 
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Figure 3. Effect of inlet location on gas-liquid mass transfer coefficient in WSA under different liquid flow rates. 

 
Figures 4. Effect of inlet location on gas pressure drop in WSA under different liquid flow rates. 

 
Figure 5. Effect of inlet location on reflux ratio in WSA under different liquid flow rates. 

3.2. Effect of Bottom Baffle 

The effect of the bottom baffle on the mass transfer 

coefficient and the gas pressure drop in the WSA at different 

liquid-phase circulation rates was investigated. The results 

are shown in Figures 6 and 7. At higher liquid flow rates 

(2.0m
3
/h and 2.5m

3
/h), the addition of baffles has no 

significant effect on volumetric mass transfer coefficient and 

gas pressure drop of the WSA. However, at the lower liquid 

flow rate (1.5 m
3
/h), the bottom baffle has a significant effect 

on the volumetric mass transfer coefficient as the gas velocity 

increases. In the experimental system, the value increases of 

up to 13% comprised to the traditional structure (as shown in 

Figure 1a). Meanwhile, the pressure drop also has a certain 

increase in various gas inlet velocities, and its value increases 

by 6% to 10%. This may be due to the addition of the baffle 

to enhance the gas-liquid interaction in the WSA. 

The results of experimentally measured reflux ratio are 

shown in Figure 8. The bottom baffle has a smaller effect on 

the reflux ratio at higher liquid circulation rates. However, at 

low liquid-phase circulation flow rates, the addition of the 

baffle makes the reflux ratio increase at each gas velocity. 

That indicates that the addition of baffle changes the 

gas-liquid two-phase interaction state in the WSA and makes 

the axial velocity upward in the gas phase. Therefore, more 

liquid phase is involved under this flow state. At the lower 

liquid circulation flow rate, a large number of wall-attached 

atomization cause most of the liquid at the liquid seal to stick 

against the inner wall of the main cylinder, and the 

liquid-filled liquid surface is depressed downward at the axial 

center to form a gas phase. The addition of baffles restricts 

the tangential velocity at the liquid seal vortex and increases 

the axial velocity and radial velocity components, i.e., 

original rotational motion turns into a vertical tumbling 

motion. This not only accelerates the update of the gas-liquid 

two-phase contact area on the surface of the liquid seal, but 

also causes part of the gas in the center of the vortex to be 

entrained in the liquid phase, resulting in a large number of 

bubbles, which causes the gas-liquid two phases to remix and 

increase the mass transfer area, thereby improving the mass 
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transfer performance. The violent tumbling movement of the 

liquid and the generation of air bubbles make the degree of 

instability of the surface of the liquid seal intensify, and the 

liquid is more likely to be stripped and extracted by the rising 

swirling flow field, resulting in an increase in the 

liquid-phase reflux ratio. 

 
Figures 6. Effect of bottom baffle on gas-liquid mass transfer coefficient in WSA under different liquid flow rates. 

 
Figures 7. Effect of bottom baffle on gas pressure drop in WSA under different liquid flow rates. 

 
Figures 8. Effect of bottom baffle on reflux ratio in WSA under different liquid flow rates. 

4. Conclusion 

In this present work, the effects of the inlet position and 

the bottom baffle on the mass transfer process of WSA were 

investigated by blowing off ammonia mass transfer 

experiments. The results show that the gas-phase inlet does 

not significantly increase the gas-liquid mass transfer 

performance in the WSA, but it can effectively reduce the 

internal gas-phase pressure drop, which is about 10%. The 

baffle in the liquid seal area at the bottom of the WSA main 

cylinder can improve the gas-liquid mass transfer effect in 

the WSA under low liquid flow rate, and the effect is more 

significant with the increase of the inlet velocity. The mass 

transfer efficiency can be maximized in the experimental 

range. The increase is about 13%. 
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